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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the variance in 
height of a bump and to shorten the processing time in a 
texture processing where pulse laser light obtained from 
continuously oscillated laser light is used to form the 
bump on a glass substrate. 

SOLUTION: At the time of irradiating a glass substrate 8 
with a converged light spot, the irradiation section of the 
converged light spot is preliminarily formed in an ellipse, 
and'its minor diameter ds is set in the peripheral 
direction of the glass substrate 8. The converged light 
spot is scanned relatively in the direction of the minor 
diameter from the irradiation start point shown by a solid 
line to the irradiation end point shown by the double 
dotted chain line through the irradiation halfway point 
shown by the alternate short and long dash line. As the 
result, the irradiated area is approximately circular to 
form a false circle-shaped conic bump. The pulse width 
and the ellipticity are optimized without increasing the 
power density of laser, thereby realizing a prescribed 

bump height and forming a bump plane into a circle regardless of the increase of the relative 
rotation speed of the substrate 8. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. J 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] it be the manufacture approach of the magnetic recording medium characterize by be 
the ellipse configuration where the exposure cross section of said condensing spot arranged the 
minor axis with the hoop direction of said glass substrate in the manufacture approach of a 
magnetic recording medium including the texture processing process which carry out a 
condensing spot exposure and form a bump in the front face of the glass substrate which pulse- 
ize the laser light of a continuous oscillation mold in an electro-optics modulation, and rotate the 
pulse laser beam relatively. 

[Claim 2] The manufacture approach of the magnetic-recording medium characterized by for the 
difference of the major axis of said ellipse configuration and a minor axis being in abbreviation 
etc. in claim 1 by making it the product of the pulse width of said pulse laser beam, and the 
relative peripheral velocity in the irradiating point of said glass substrate, and having a relation. 
[Claim 3] It is the manufacture approach of the magnetic-recording medium characterized by 
forming said condensing spot in claim 1 or claim 2 using collimated beam cross-sectional 
deformation optical system in the latter part of an electrooptical modulator. 
[Claim 4] It is the manufacture approach of the magnetic-recording medium characterized by 
said collimated beam cross-sectional deformation optical system being cylindrical-lens optical 
system in claim 3. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the texture processing process using 
the laser beam for making a concave convex reflect in a medium front face about the 
manufacture approach of magnetic-recording media, such as a magnetic disk. 
[0002] 

[Description of the Prior Art] In hard disk equipment, at the time of a disk halt, a magnetic-head 
slider is in a contact condition in the CSS (contact start stop) field by the side of disk inner 
circumference, a magnetic-head slider surfaces slightly from a front face in an operation of the 
air film only at the time of operation, and the C.SS which performs informational reading 
actuation or write-in actuation in the data area by the side of a disk periphery is mainly adopted. 
In the CSS field, since head contact sliding-head surfacing-head contact sliding is performed 
repeatedly and head surfacing height needs high-speed rotation-ization of a disk, and to be 
reduction-ized to aim at improvement in recording density, the endurance and stability of sliding 
are demanded. In order to fill these demands, it ranks with the property of the protective coat on 
the front face of a disk, and lubricating film, and can ask for reduction-ization of coefficient of 
friction by the surface roughening on the front face of a disk. 

[0003] The surface roughening process on this front face of a disk is called texture processing 
(texture ring), and gives the shape of predetermined toothing to a substrate front face. Although 
the aluminum substrate is generally used for the magnetic disk, in recent years, a glass substrate 
excellent in display flatness, rigidity, etc. is also used. In the case of an aluminum substrate, as 
the texture processing approach, mechanical polish is in use, but in the case of the glass 
substrate, the spatter technique called etching using lithography and a printing technique or a 
film texture is known. 

[0004] Furthermore, in these days, the dry type texture in which texture processing is possible 
has come to occupy the mainstream without passing through wet [ above-mentioned ] or an 
above-mentioned complicated process process. That is, this dry type texture processing 
condenses a laser beam, carries out pulse irradiation of the minute spot to a substrate front 
face, and dissolution coagulation is carried out and it generates concave heights (bump). It is 
possible to acquire a bump configuration predetermined by selecting a laser kind, wavelength, a 
laser output, etc. according to the quality of facing of a substrate. 

[0005] This laser texture processing serves as a technique very generally used for an aluminum 
substrate with a NiP plating coat, and can acquire various bump configurations. Drawing 7 (a) - 
(d) is the expanded sectional view showing the cross section of a bump configuration different, 
respectively. Combination, such as relative velocity of the energy density (or power density) of 
laser, the pulse width and wavelength of laser, a substrate, and a laser beam, can determine 
these bump configurations. 

[0006] for example, in the case of an aluminum substrate with NiP plating covering, as 
processing conditions which form a bump A laser kind is Nd:YV04. It is the Q switch pulse 
oscillation mold of laser. Wavelength is 1.06 micrometers. Pulse width 20 - 150 nsec (- 350ns), 
The diameter of a condensing spot of a laser beam is 10-30 micrometers. The pulse energy of 
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laser is the range of 1-1 OmicroJ/p, pulse repetition frequency 10 - 100 KHz. the diameter phi of 
a bump (in the case of drawin g 7 (a), about the distance between projection top-most vertices, 
and drawin g 7 (b) - (d), it is the distance between the projection top-most vertices of the 
outermost periphery) — 5-25 micrometers it is — As for bump height h (in the case of drawing 
7 (a), about the distance of a substrate front face and projection top-most vertices, and drawing 
7 (b) - (d), it is the distance of a substrate front face and the highest projection top-most 
vertices), a 70-1 000A bump is usually formed. 

[0007] However, when forming these bumps as a demand of high recording density and high- 
reliability increases in recent years, the precision demand to the variation in bump height h is 
increasing increasingly. The variation in this bump height h happens in a laser radiation side by 
the difference with the shape of front planarity delicate in a variation [ in the output of laser ], 
and substrate side (the constituent concentration of field granularity and a NiP plating coat, 
whenever [ scaling ]) etc. 

[0008] usually, the peak value of the pulse laser output injected from the laser (Nd:YV04 laser, 
Nd: solid state laser, such as an YAG laser and Nd:YLF laser) of an above-mentioned Q switch 
pulse oscillation mold — about ten — W to several 100 W is attained to. For example, in the 
case of an aluminum substrate with a NiP plating coat, the diameter phi of a bump is 10 
micrometers. When performing bump formation of bump height 280 **, they are laser output 
energy 3microJ/p and 150ns of pulse width. The peak value of a pulse laser output is set to 
20W. The laser radiation power density in this case is 2.7 x107 W/cm2. It becomes, bump (height 
280 **) the number formed on the CSS field of a substrate — tens of thousands of piece - 
about twenty — it becomes 10,000 pieces and the variation in bump height h (sigma/h and sigma 
are standard deviation) also becomes 4 - 5%. In" the case of the laser of a Q switch pulse 
oscillation mold, an average laser output has **1 - 3% of variation (at the time of a 24-hour or 
more continuous duty) also by the high performance type. Moreover, if the number of frequency 
of the sampling inspection for the maintenance of periodical laser and a bump's quality control 
etc. is considered for management of bump height h, it is one of the factors of the cost rise on 
production. 

[0009] On the other hand, the thin film (for example, NiP plating coat) is attached on the glass 
substrate, and there are a method (henceforth a laser thin film addition method) which irradiates 
laser and forms a bump on the coat, and a method (henceforth a laser direct processing method) 
which irradiates direct laser and forms a bump in a glass substrate as laser texture method to a 
glass substrate. Since a laser thin film addition method is almost similar to the bump formation 
method of the conventional NiP plating coat aluminum substrate, it is advantageous in respect of 
technical dependability. Moreover, a laser direct processing method is advantageous in respect 
of man day reduction compared with a laser thin film addition method. Hereafter, a teser direct 
processing method is explained. 

[0010] In the laser used for a laser direct processing method, they are carbonic acid (C02) laser, 
Nd:YAG laser / Nd:YV04. There are the 2nd higher harmonic of laser / Nd:YLF laser, the 3rd 
higher harmonic, the 4th higher harmonic and an argon laser, and an excimer laser. The quality of 
the material of a glass substrate is selected so that it may be easy to absorb the above- 
mentioned laser light. 

[0011] Especially above-mentioned C02 Each laser other than laser (wavelength of 10.6 
micrometers) is light laser and ultraviolet laser, and is the wavelength region 0.532. mum -0.248 
mum It is and various offers of the glass substrate which is easy to absorb laser light to this 
band are made by each manufacturer. 

[0012] However, the laser direct processing approach to a glass substrate needs the laser 
output energy of several to about ten times or more compared with the case of the bump 
formation to an aluminum substrate with a NiP plating coat. The 2nd higher harmonic 
(wavelength 0.532 mum), the 3rd higher harmonic (wavelength 0.355 mum) which were mentioned 
above, In the case of the 4th higher harmonic (wavelength 0.266 mum), stable reservation of a 
laser output is difficult, and laser output stability gets worse, so that it becomes - (**2 - 3%) 
(**about ten%), and high order laser, and the variation in bump height h becomes large with - 
(**5 - 7%) (**about twenty%). 
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[0013] Moreover, in the laser direct processing approach, when using an excimer laser, the 
discharge excitation laser which can be used as induistrial use has a problem in respect of a 
pulse oscillation life, that is, tens of thousands of one side piece [ of a substrate ] - about 
twenty — if it carries out from a viewpoint of making 10,000 bumps form, it cannot respond as 
industrial use. However, taking advantage of the advantage that the beam cross-section 
configuration of an excimer laser is a rectangle large area, many holes are beforehand formed in 
the mask and the approach of forming many bumps at once by mask projection can also be 
proposed. However, the present condition is that the homogeneity of laser output distribution of 
a rectangle cross-section beam is not conquered technically. 

[0014] C02 Since it is near infrared ray laser with long wavelength (wavelength of 10.6 
micrometers) in the case of laser, what the diameter of a condensing spot is small extracted for 
by a bump's densification and the demand of low bump height (philOmicrometer diameter of a 
bump) is difficult. 

[0015] By the way, if bump formation is carried out by the laser of an above-mentioned Q switch 
pulse oscillation mold, respectively by the 2nd higher harmonic wave of Nd:YAG laser, the 3rd 
higher harmonic wave, and the 4th higher harmonic wave, for example in formation of the bump 
by the laser direct processing method to a glass substrate, it is diameter phiof 
bumplOmicrometer. The shape of a cone of 100 to 300 A bump height (letter of a projection) A 
bump can form. It does not become the bump configuration of the varieties like [ in the case of 
an aluminum substrate with a NiP plating coat ], but they are a cone-like bump and a V type 
hole-like bump as shows drawing 7 (a). Usually, it is the degree of freedom of processing 
conditions, and the point of quality, and a cone-like bump is in use. Therefore, a bump 
configuration shall be a cone-like unless it refuses below. 

[0016] In the laser direct processing approach, after pulse-izing the laser beam of a continuous- 
oscillation mold with the pulse modulator of EOM (electro-optics modulation) in the case of Ar 
laser (wavelength 0.515 mum) which is light laser, convergent radiotherapy of the pulse laser light 
is carried out to a glass substrate. By this EOM method, adjustable [ of the pulse width ] can be 
carried out to arbitration to number 1 0ns-0.999sec, and it can carry out adjustable [ of the pulse 
repetition frequency ] to 1Hz - 10MHz of numbers. Moreover, the variation in bump height h 
becomes very small compared with the laser of a Q switch pulse oscillation mold. It is because 
laser output stability of a continuous-oscillation mold is made very small with **0.2 % level, since 
[ furthermore, ] this EOM method is equal to a high-speed pulse oscillation — tens of thousands 
of[ of a CSS field ] - about twenty — in texture processing which forms the as many as 10,000 
numbers of bumps, shortening of floor to floor time is realizable. 
[0017] 

[Problem(s) to be Solved by the Invention] However, since the output energy of laser is needed 
from several times also about ten times compared with an aluminum substrate to an aluminum 
substrate as it mentioned above to the glass substrate, although high-speed processing was 
possible, high-speed processing is actually difficult, namely, the pulse laser light obtained from 
the laser light of a continuous-oscillation mold — the peak value of an output — at most — 
since it is only about 2-3W, in order to actually secure the output energy of laser required for 
bump formation — as pulse width — several microsecondec - about thirty-microsecondec It is 
required and will become considerably long compared with the pulse width in the case of a Q 
switch pulse laser (several 10ns - a number 100ns). In order to decrease on the optical path 
which the horsepower output in oscillator level is about 5W, and passes an EOM modulator, a 
power controller, a mirror, and a condenser lens in the case of Ar laser of current industrial 
marketing, the effective laser output which can irradiate substantially on a glass substrate will 
fall even to 1-1. 5W. Therefore, diameter phiof bump3micrometer When forming bump height 280 
**, the processing condition serves as peaking capacity 1 W and pulse width [ of 20micro ] sec, 
and output energy 20microJ/p. 

[0018] Thus, if pulse width becomes long, the texture floor to floor time to a CSS field will 
become late. That is, as a result, if convergent radiotherapy of the pulse laser is carried out . 
while the bump forming method to a CSS field rotates a glass substrate, and the rotational speed 
becomes a high speed, since the distance which a substrate front face moves relatively will 
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become long within laser pulse width, since the unsymmetrical bump configuration of elliptical 
thru/or an ellipse configuration will be formed, rotational speed cannot be accelerated, therefore 
texture floor to floor time becomes late. For example, when the engine speed of a substrate is 
set to 100 RPM, the relative migration distance in a location with a radial distance [ a substrate 
(disk) core to ] of 20mm is about 4.2. mum It becomes. Here, coefficient of friction of CSS will 
increase that a bump configuration is an ellipse. 

[0019] Then, in view of the above-mentioned trouble, in texture processing which forms a bump 
in a glass substrate using the pulse laser light obtained from the laser light of a continuous- 
oscillation mold, the technical problem of this invention has little variation in bump height, and it 
is to offer the manufacture approach of a magnetic-recording medium that shortening of texture 
floor to floor time is realizable. 
[0020] 

[Means for Solving the Problem] the means which this invention provide in order it solve an 
above-mentioned technical problem pulse - ize the laser light of a continuous oscillation mold by 
electro-optics modulation , and carry out that, the exposure cross section of an above- 
mentioned condensing spot be the ellipse configuration of arrange a minor axis with the hoop 
direction of an above-mentioned glass substrate as a description in the manufacture approach of 
a magnetic recording medium including the texture processing process which carry out a 
condensing spot exposure and form a bump in the front face of the glass substrate which rotate 
the pulse laser beam relatively . 

[0021] In order that a substrate may move to a hoop direction relatively within pulse width, a 
condensing spot will be relatively scanned temporarily in the direction of a minor axis, but since 
the minor axis of the exposure cross section of the condensing spot of an ellipse configuration is 
equal to the hoop direction of a glass substrate and a condensing spot is dragged in the direction 
of a minor axis in the meantime, an exposure field serves as an approximate circle configuration 
as a result. For this reason, it is urged to the fusion coagulation of glass material centering on 
the exposure field of this approximate circle configuration, and the cone-like bump of that 
reason and a false round shape is formed. Even if it accelerates relative rotation of a substrate 
by optimizing pulse width and the rate of an ellipse, without reinforcing the power density of 
laser, circular-ization of predetermined bump height and a bump flat-surface configuration is 
realizable. Shortening of texture floor to floor time can be attained, and improvement in large of 
productivity can be realized. 

[0022] Since the exposure field of a condensing spot can be brought more close to a false circle 
configuration when the difference of the major axis of the above-mentioned ellipse configuration 
and a minor axis is in abbreviation etc. by making it the product of the pulse width of the above- 
mentioned pulse laser beam, and the relative peripheral velocity in the irradiating point of the 
above-mentioned glass base and relation is given, circular-ization of a bump flat-surface 
configuration becomes easy. 

[0023] In order to obtain the condensing spot of this exposure cross-section ellipse, it is 
desirable to use collimated beam cross-sectional deformation optical system for the latter part 
of an electrooptical modulator. Although the condenser lens system of an astigmatism mold can 
also obtain the condensing spot of an exposure cross-section ellipse, adjustment of distance 
with a substrate or a focal distance etc. becomes complicated. If collimated beam cross- 
sectional deformation optical system is used, it is not necessary to change a condenser lens 
system, and will be useful also to easy-ization of a maintenance. 

[0024] It is desirable to use the cylindrical-lens optical system of what can use the PURUZUMU 
system of oblique incidence, a toric lens system, etc. as collimated beam cross-sectional 
deformation optical system. An optical configuration is easy and can create comparatively easily 
the major axis and minor axis of request size of an exposure cross-section ellipse. 
[0025] 

[Embodiment of the Invention] The block diagram showing the laser-beam-machining equipment 
used for the manufacture approach of the magnetic-recording medium which drawing 1 requires 
for the operation gestalt of this invention, the top view showing cylindrical-lens optical system 
[ in / in drawing 2 (a) / the laser-beam-machining equipment ], and drawin g 2 (b) are the front 
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views showing the cylindrical-lens optical system. 

[0026] As laser-processing equipment is shown in drawin g 1 , the laser oscillation machine 1 of a 
continuous-oscillation mold (for example, Ar laser oscillation machine), The power stabilizer 3 
which passes continuation laser-beam 2a of a beam cross-section circle configuration (diameter 
DO) injected from now on, and stabilizes a laser output, The pulse modulator 4 for pulse-izing the 
continuation passage beam 2b with the pulse width and pulse repetition frequency of arbitration 
by the electro-optics modulation (EOM), The cylindrical-lens optical system 5 for making the 
beam cross-section circle configuration of the pulse laser 2c deform into elliptical thru/or an 
ellipse configuration, The reflecting plate 6 for deflecting level injection beam 2d of the 
cylindrical-lens optical system 5 to a perpendicular lower part, The reflective beam 2e is 
condensed and it has the condenser lens 7 which carries out the spot exposure of the 
condensing beam 2f on the front face of the disk-like glass substrate 8 which rotates with a 
spindle motor 9. The condensing beam 2f exposure cross section serves as the ellipse 
configuration (elliptical) where the minor axis was arranged with the hoop direction of a glass 
substrate 8. Therefore, the major axis of the ellipse configuration is equal to radial [ of the glass 
base 7 ]. 

[0027] the cylindrical-lens optical system 5 of this example is shown in drawing 2 — as — 
incidence side cylindrical lens (cylindrical lens) L1 injection side cylindrical lens L2 parallel to this 
It is the collimator (beam expander) of an X-axis single dimension which changes and changes a 
thin collimated beam into a thick collimated beam, from — Objective lens slack lens L1 
Collimator lens slack lens L2 It is a lens L1 about the distance between lenses so that a **** 
beam of light may be formed in between. Focal distance f 1 Lens L2 Focal distance f2 It is set as 
the sum. The extended scale factors about thebeam diameter of the meridional ray (a chief ray 
and beam of light contained in a flat surface including an optical axis) of incident beam 2c are 
f2 / f1 (> 1), and since the sagittal ray (beam of light contained in the flat surface which 
intersects perpendicularly with a flat surface including a chief ray and an optical axis) is equal to 
the bus-bar of a cylindrical lens, the extended scale factor is 1. For this reason, a injection beam 
2d beam cross section serves as elliptical [ of a major axis DL (=D zero f2 / f1) ] by the minor 
axis DS (= DO). 

[0028] Here, generally, it sets after condenser lens passage and is the diameter dO of a 
condensing spot of a laser beam. It is given by the degree type. 

dO = (Kflambda) / D — (1) In addition, K is a multimode multiplier (value decided by the property 
of the proper of a laser oscillation machine). 

the diameter f of the laser beam before carrying out incidence of the D to a condenser lens — 
the focal distance lambda of a condenser lens — the wave length of laser light — diameter dO of 
a condensing spot of this formula to laser light It is in inverse proportion to the diameter D of 
the flux of light of incidence laser light. Therefore, in this example, it is set up so that the major 
axis of incident beam 2e of condenser lens 2e may be equal to the circumferential tangential 
direction of a glass substrate 8 and a set and a minor axis may be equal to radial [ of a glass 
substrate 8 ]. 

[0029] Consequently, minor axis dS of the condensing spot which irradiates a glass substrate 8 

Major axis dL It is given by the degree type. 

dS =(Kflambdaf1)/(D zero f2) — (2) dL = (Kflambda) / DO — (3) 

Minor axis dS of the exposure cross section of a spot condensing [ elliptical ] It will apply at the 
exposure termination time shown with a two-dot chain line through the time in the middle of the 
exposure shown with the exposure initiation point in time which the meantime and condensing 
spot shows as a continuous line as it is shown in drawing 3 , since it is equal to the hoop 
direction of the glass base 8 and a substrate 8 moves to a hoop direction relatively within pulse 
width t to an alternate long and short dash line, and will be relatively scanned temporarily in the 
direction of a minor axis. Since a condensing spot is dragged in the direction of a minor axis in 
the meantime and an exposure field serves as an approximate circle configuration as a result, it 
is urged to the fusion coagulation of glass material centering on the exposure field of this 
approximate circle configuration, and cone-like Bengbu of that reason and a false round shape is 
formed. 
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[0030] In order to obtain the exposure field of an approximate circle configuration, when relative 
peripheral velocity in the spot exposure location of the glass base 8 is set to V, it is desirable to 
satisfy a degree type. 

Vt=dL-dS — (4) Here, Vt is relative movement distance, i.e., the drag die length of a condensing 
spot, and is dL-dS. It is the difference of a major axis and a minor axis. In addition, in a CSS field 
(substrate inner circumference side field), it can be considered that peripheral velocity V is 
abbreviation regularity. 

[0031] When the drag die length of a condensing spot exceeds a minor axis, the condensing spot 
at the exposure initiation time and. the condensing spot at the exposure termination time stop 
lapping, and it is hard coming to concentrate the power density of laser on glass material 
densely. In this case, it is necessary to hold down the drag die length Vt to under a minor axis, 
and, in this case, a degree type is materialized. 
[0032] 

dL-dS <dS — (5) Therefore, the rate of an ellipse (ovality) = f2 / f 1 It can also be said that it is 
effective to hold down to one to less than two. 

[0033] Moreover, among the condensing spot size of laser light, since the power density of a 
core becomes low at the maximum, if power density of a core is strengthened as much as 
possible among the exposure fields of an approximate circle configuration, the cone-like bump of 
the shape of a perfect circle with little distortion will tend to get a periphery. If the core of the 
condensing spot at the exposure initiation time is settled around the condensing spot at the 
exposure termination time in this case, power density of the core of the exposure field of an 
approximate circle configuration can be strengthened. 
[0034] In this case, a degree type is materialized. 
[0035] 

dL-dS <dS / 2 — (6) Therefore, the rate of an ellipse (ovality) = f2 / f 1 It can also be said that 
it is effective to hold down to one to less than 3/2. 

[0036] The top view showing another cylindrical-lens optical system [ in / in drawing 4 (a) / 
laser-processing equipment ] and drawing 4 (a) are the front views showing the cylindrical-lens 
optical system. 

[0037] This cylindrical-lens optical system consists of collimator of 1 -dimensional Y-axis 5a, and 
collimator of the 1 -dimensional X-axis 5b. collimator of 1 -dimensional Y-axis 5a — incidence 
side cylindrical lens .L3 Injection side cylindrical lens L4 parallel to this from — changing — lens 
L3 Lens L4 in between, a **** beam of light is formed — as — the distance between lenses — 
lens L3 Focal distance f3 Lens L4 Focal distance f4 It is set as the sum. The extended scale 
factors about the beam diameter of the MERIJIONRU beam of light of incident beam 2c are f4 / 
f3 «1), and the extended scale factor of a sagittal ray is 1. for this reason, the beam cross 
section of the injection beam of collimator 5a of a 1 -dimensional Y-axis — minor axis DS of Y 
shaft orientations D zero f4 / f3 it is — major axis DL of X shaft orientations DO it is — it 
becomes elliptical. 

[0038] moreover, collimator of the 1 -dimensional X-axis 5b — injection side cylindrical lens L4 
of collimator of 1 -dimensional Y-axis 5a Incidence side cylindrical lens L5 which intersects 
perpendicularly injection side SHIRINDO lei cull lens L6 parallel to this from — changing — lens 
L5 Lens L6 in between, a **** beam of light is formed — as — the distance between lenses — 
lens L5 A focal distance f5 and lens L6 Focal distance f6 It is set as the sum. Lens L5 The 
extended scale factors about the beam diameter of the MERIJIONRU beam of light of an incident 
beam are f6 / f5 (> 1), and the extended scale factor of a sagittal ray is 1. 
[0039] consequently, a injection beam 2d [from collimator of the 1 -dimensional X-axis 5b ] 
beam cross section — minor-axis DS ' of Y shaft orientations — D zero f4 / f3 it is — major- 
axis DL ' of X shaft orientations — D0f6 / f5 it is — it becomes elliptical, therefore, the rate of 
an ellipse elliptical [ this ] — f3 f6/f4 f5 it is . If such cylindrical-lens optical system is used, the 
size of both minor axis and major axis can be deformed, and it will be easy to select the diameter 
of an optimal ellipse. 

[0040] Although injection beam 2d is reflected with a reflecting plate 6, a condenser lens 7 is 
passed and the condensing spot of 2f of the condensing bundle is irradiated by the glass base 7, 
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the minor axis of a condensing spot is equal to the hoop direction of a substrate, and the major 
axis is equal to radial. 

[0041] According to the cylindrical-lens optical system of drawing 4 , minor-axis dS ' and major- 
axis dL ' of a condensing spot which irradiate a glass substrate 8 are given by the degree type. 
dS '=(Kflambdaf5)/(D zero f6) — (7) dL*=(Kflambdaf3)/(D zero f4) — (8) 

Since minor-axis dS ' of a condensing elliptical spot is equal to the hoop direction of the glass 
base 8 and it becomes the exposure field of an approximate circle configuration as a result even 
if a condensing spot is dragged in the direction of a minor axis as mentioned above, it is urged to 
the fusion coagulation of glass focusing on this, and coneHike Bengbu of a false circle 
configuration is formed. 

[0042] Drawing 5 is a graph which shows the relation between the pulse width (time amount per 
one pulse) of the laser pulse-ized with the EOM modulator, and cone-like Bengbu height h 
formed at this time. 

[0043] As shown in this drawing, bump height h is dependent on a laser power consistency, and 
it is Smicrosec of ** plot of laser radiation time amount, i.e., pulse width, t. If it becomes above, 
it will be gradually formed highly by the increment in monotone. Therefore, since it is decided by 
pulse width t that bump height h will be an abbreviation reason target, the variation in bump 
height h can be suppressed, bump height h needed — about 280 ** of ** plot — it is — optimal 
pulse width t — 20microsec it is . 

[0044] Drawing 6 is the top view showing the Bengbu configuration in which it is formed at the 
time of changing pulse width, the (a) shows transition of the Bengbu configuration by the 
conventional laser radiation method do not use the cylindrical-lens optical system 5, and the (b) 
shows transition of the Bengbu configuration by the laser radiation method of this operation 
gestalt for having used the cylindrical-lens optical system 5. 

[0045] Smicrosec of ** plot of pulse width t by the conventional irradiating method from — 
9microsec of ** plot In between It is 1 Smicrosec of ** plot of pulse width t to Bengbu height h 
remaining in about 50A or less, although the bump of a flat-surface approximate circle 
configuration is formed. If it becomes above, although Bengbu height h will become high, the 
bump is the ellipse prolonged in the hoop direction, or a truck-like ellipse configuration. 
Therefore, with the conventional irradiating method, it is pulse width sec of 20micro. Unless it is 
necessary to reduce the rotational speed of a glass substrate and to set it as a low speed and a 
laser power consistency is reinforced in order to form the bump of a flat-surface circle 
configuration so that bump height h may become about 280 **, high-speed rotation of a glass 
substrate is theoretically impossible. 

[0046] on the other hand, the method of irradiating this example — setting — 5microsec of ** 
plot of pulse width t from — 1 Smicrosec of ** plot In between The major axis of a condensing 
spot cross section is equal to radial, and since the drag die length of a condensing spot is 
insufficient within the pulse width, while an abbreviation elliptical bump is formed, a flat surface 
since the laser power consistency is still low — about — becoming below 150 ** — receiving — 
20microsec of ** plot of pulse width t the neighborhood — drag die length — the need — while 
becoming enough and forming the bump of a flat-surface approximate circle configuration, it is 
sufficient also for a laser power consistency, and Bengbu height h becomes about 280 **. 
Therefore, high-speed rotation of a glass substrate is attained by this irradiating method, without 
reinforcing a laser power consistency. 

[0047] Hereafter, it explains using a concrete numeric value, the case where a bump is formed in 
a CSS field — the peripheral velocity of 125.6mm in a location with a radius [ engine-speed 100 
RPM of a glass substrate, and a substrate (disk) core to ] of 20mm / sec, and pulse width sec of 
t= 20micro then, the relative migration distance (drag die length) Vt — about 4.2 mum it is . for 
example, the case of the bump formation by the conventional irradiating method — the diameter 
of a bump per one puis e in the time of a halt (at the time of nonrotation) — 1 0 micrometers it is 
— if — Bengbu formed of the substrate rotation by rotational frequency 100 RPM — width of 
face (minor axis) — 10 micrometers it is — die length (major axis) — 14.2 micrometers It 
becomes elliptical, on the other hand, the case where the condensing spot of the ellipse cross 
section which arranged the minor axis with the hoop direction according to the cylindrical-lens 
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optical system 5 is irradiated in this irradiating method — the major axis of the diameter of a 
bump per one pulse in the time of a halt (at the time of nonrotation) — 10 micrometers ** — 
carrying out — the minor axis — 5.8 mum then, width of face — 10 micrometers die length — - 
10 micrometers The bump of a false circle configuration is formed. 

[0048] It is philOmicrometer with the conventional irradiating method. If a substrate rotational 
frequency is sharply made low, for example, it is made 25RPM when forming a bump, the drag die 
length Vt will be about 1.1. mum Since it becomes small, the bump of an abbreviation false circle 
configuration can be formed. However, it is the number of trucks of a CSS field, for example 100 
Although texture floor to floor time becomes for about 4 minutes and is inferior to productivity 
when it carries out, by the processing approach including this irradiating method, it ends in about 
1 minute and productivity can be improved sharply. Especially, in this example, since productivity 
is raised, the rotational speed of a substrate is accelerable. What is necessary is to proportion 
the rate of an ellipse in rotational speed, and just to enlarge it in that case. 
[0049] 

[Effect of the Invention] As explained above, since this invention is characterized by the point 
which makes the exposure cross section of a condensing spot the ellipse configuration where 
the minor axis was beforehand arranged with the hoop direction of a glass substrate, it does the 
following effectiveness so. 

[0050] ** Since the minor axis of the exposure cross section of the condensing spot of an 
ellipse configuration is equal to the hoop direction of a glass substrate and a condensing spot is 
dragged in the direction of a minor axis in the meantime, an exposure field serves as an 
approximate circle configuration as a result. For this reason, it is urged to the fusion coagulation 
of glass material centering on the exposure field of this approximate circle configuration, and the 
cone-like bump of that reason and a false round shape is formed. Even if it accelerates relative 
rotation of a substrate by optimizing pulse width and the rate of an ellipse, without reinforcing 
the power density of laser, circular-ization of predetermined bump height and a bump flat- 
surface configuration is realizable. Shortening of texture floor to floor time can be attained, and 
improvement in large of productivity can be realized. 

[0051] ** the difference of the major axis of an ellipse configuration, and a minor axis — the 
product of the pulse width of a pulse laser beam, and the relative peripheral velocity in the 
irradiating point of a glass base — abbreviation — the case where equal relation is given — the 
exposure field of a condensing spot — more — false — since it can bring close circularly, 
circular-ization of a bump flat-surface configuration becomes easy. 

[0052] ** If collimated beam cross-sectional deformation optical system is used for obtaining 
the condensing spot of an exposure cross-section ellipse, it is not necessary to change a 
condenser lens system, and will be useful to easy-ization of a maintenance. 
[0053] ** When using cylindrical-lens optical system as collimated beam cross-sectional 
deformation optical system, an optical configuration is easy and can create comparatively easily 
the major axis and minor axis of request size of an exposure cross-section ellipse. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation, may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the laser-beam-machining equipment used for the 
manufacture approach of the magnetic-recording medium concerning the operation gestalt of 
this invention. 

[Drawing 2] The top view showing the cylindrical-lens optical system in the laser-processing 
equipment which shows (a) to drawing 1 . and (b) are the front views showing the cylindrical-lens 
optical system. 

[Drawing 3] In this operation gestalt, it is the conceptual diagram showing the exposure process 
of a condensing spot over a substrate front face. 

[Drawing 4] The top view showing another cylindrical-lens optical system in the laser-processing 
equipment which shows (a) to drawing 1 , and (b) are the front views showing the cylindrical-lens 
optical system. 

[Drawing 5] In this operation gestalt, it is the graph which shows the relation between the pulse 
width of the pulse laser pulseHzed by EOM, and the cone-like Bengbu height formed at this time. 

[Drawing 6] It is the top view showing transition of the Bengbu configuration in which it is formed 
at the time of changing pulse width, and the (a) shows transition of the Bengbu configuration by 
the conventional laser radiation method do not use cylindrical-lens optical system, and the (b) 
shows transition of the Bengbu configuration by the laser radiation method of this operation 
gestalt for having used cylindrical-lens optical system. 

[Drawing 7] (a) - (d) is the expanded sectional view showing various bump configurations 
acquired by laser texture processing in an aluminum substrate with a NiP plating coat. 
[Description of Notations] 

1 — Laser oscillation machine of a continuous-oscillation mold 

2a, 2b — Continuation laser beam of a beam cross-section circle configuration 

2d, 2e — Beam cross-section elliptical pulse laser beam 

2f — Condensing beam cross-section elliptical beam 

3 — Power stabilizer 

4 — Pulse modulator of EOM 

5 — Cylindrical-lens optical system 

5a — Collimator of a 1 -dimensional Y-axis 
5b — Collimator of the 1 -dimensional X-axis 

6 — Reflecting plate 

7 — Condenser lens 

8 — Glass substrate 

9 — Spindle motor 

L1 - L6 — Cylindrical lens 

f1 -f6 — Focal distance of a cylindrical lens. 
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